The diastolic rumbling murmur of mitral stenosis (MS) may be attenuated in the presence of low cardiac output, right ventricular enlargement, Lutembacher's syndrome, pulmonary emphysema, and obesity. In this report we would like to stress that the presence of tricuspid stenosis (TS) is an additional significant cause of silent MS.
SUMMARY
The diastolic rumbling murmur of mitral stenosis (MS) may be attenuated in the presence of low cardiac output, right ventricular enlargement, Lutembacher's syndrome, pulmonary emphysema, and obesity. In this report we would like to stress that the presence of tricuspid stenosis (TS) is an additional significant cause of silent MS.
The clinical material consisted of 73 patients with rheumatic TS who had undergone cardiac surgery. Five of these cases had clinical findings of TS without auscultatory findings of MS. They were found to have severe MS at the time of operation and to require mitral valve surgery. At cardiac catheterization the mean diastolic gradient (MDG) across the mitral valve (MV) was less than 3mmHg and pulmonary arterial systolic pressure was 29-42mmHg.
The MDG across the tricuspid valve was 6-17mmHg. In conclusion, TS can mask clinical and hemodynamic findings of MS. The reason for this is the mechanical barrier imposed by TS proximal to the MV. 
MATERIALS AND METHODS
Among 936 patients with rheumatic valvular disease seen during a period of 70 months, 73 patients with TS underwent open heart surgery and were followed for a mean of 38 months. Preoperatively, all patients had a complete physical examination with particular attention to the jugular venous pressure curve, hepatic pulsation and precordial auscultation. A 12-lead electrocardiogram and chest roentgenogram were obtained on all patients. A phonocardiogram was recorded on a 12-channel E for M and 6-channel Phillips (Honeywell) U.V. recorder at paper speed of 50 and 100mm/sec. The recording were usually obtained during the expiratory phase. Complete right and left heart catheterization were performed on all patients in a fasting state and without premedication. Simultaneous pressures were recorded from the right ventricle and right atrium using 2 end hole venous catheters, one positioned in the right ventricular cavity and the other in the right atrial cavity. The pressures were recorded using equisensitive transducers (Model P 23 Statham), with the recordings taken from the same baseline. The cardiac output was measured by the Fick method and mitral and mitral and tricuspid valve areas were calculated hemodynamically using Gorlin's formula.5) To ensure optimal auscultation of the mitral diastolic rumble and other auscultatory findings of MS, all patients were examined in the left lateral position after the point of maximal impulse of the left ventricle was located and held by the palpating finger. The bell of the stethoscope was then lightly placed over this localized area, barely making an air seal.1) All patients were examined by at least 2 independent investigators. Follow up studies were performed on all patients, 52 patients had complete hemodynamic studies postoperatively, while 21 patients refused postoperative hemodynamic studies. Phonocardiogram was recorded in 3 of these 5 with silent MS cases with particular attention to the area over the point of maximum impulse and the fifth left parasternal intercostal space to record the diastolic rumble and opening snap of MS and TS, respectively.
RESULTS
Of the 73 patients with TS, 30 were male, and 43 female. These patients represented 6% of the total number of patients with rheumatic heart disease who underwent open heart surgery during the same period of time in and RV pressure (Fig. 2) . The right atrioventricular diastolic and right atrial presystolic murmurs both increased during inspiration (Carvallo's sign) corresponding to augmented venous return and increased gradient and flow across the stenotic tricuspid valve during that phase of the respiratory cycle (Fig. 2) . The auscultatory findings for TS are summarized in Table I, and Jpn. Heart J. July 1983
for the 5 patients with TS and silent MS in Table II . Four of these 5 cases had normal sinus rhythm and 1 had atrial fibrillation. The P waves in lead II were 5-8mm. Three cases had right ventricular hypertrophy. All cases underwent open heart surgery.
The preoperative hemodynamic data from the 5 cases with silent MS are shown in Table III . While there were significant pressure gradients across TV in all 5 cases of severe TS combined with silent MS, no hemodynamically significant gradients were detected across MV (less than 3mmHg in all cases) (Fig. 3, Table III) . Three of the 4 cases of TS with silent MS and sinus rhythm had an atrial imprint in the pulmonary artery pressure curve (Fig. 4) . Of the rest of the 73 patients with TS only 2 patients had an atrial imprint. These 2 cases also had low pulmonary artery pressure (mean PAP 26mmHg and 29mmHg, respectively). There was a good correlation between the timing of the P waves in the electrocardiogram and the atrial imprint of the pulmonary artery curve in all cases. All 5 cases had gross evidence of severe MS at surgery requiring surgical manipulation of MV in addition to surgical correction of TS. Three patients required tricuspid valve commissurotomy and or repair. Two patients needed tricuspid valve replacement.
DISCUSSION
Tricuspid stenosis, like MS, is almost always of rheumatic origin and occurs more frequently than has been previously recognized.6),7) Silent mitral stenosis is the most common silent valvular disease, although true silent mitral stenosis is not a common lesion.1) The graphic documentation of silent valvular disease specially in the presence of other concomitant valvular involvement is difficult. Most papers dealing with this problem are based on careful auscultation.1) In some conditions such as obesity and severe pulmonary emphysema, a faint diastolic rumble may be masked. Severe right atrial (RA) and right ventricular (RV) hypertrophy and or enlargement may change the position of MV, thereby making the diastolic rumble in audible. In Lutembacher's syndrome, or low cardiac output, the silent MS is most probably due to the hemodynamic condition leading to diminished flow through the stenotic MV.2),4) The masking of hemodynamic features of MS by severe TS is well documentated in our study. The absence of a hemodynamically significant pressure gradient across the mitral valve in the presence of severe TS as we have shown, may explain the absence of auscultatory evidence of MS, or so called "silent mitral stenosis". We believe that severe stenotic tricuspid valve (TV) is a mechanical barrier, causing reduced right ventricular stroke volume and pulmonary flow, and eventually decreasing mitral valvular flow which in turn causes a very low or nonexistant gradient across MV. 
